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Introduction
In this contribution, we further discuss the physical-layer procedures to support UE/gNB measurements for NR positioning.

UE procedures for receiving DL PRS
[bookmark: _Hlk508191601]DL PRS timing
When NR DL PRSs are transmitted for supporting DL TDOA, it is expected that the cells involved in DL TDOA positioning are all precisely time-synchronized, i.e., the UE can base the timing of the neighbouring cells on the timing of the serving cell.
[bookmark: _Toc4656907][bookmark: p1]Proposal 1: When a UE is configured to measure DL PRS for supporting DL TDOA positioning, the UE can assume the timing of the neighbouring cells and the timing of the serving cell are synchronized.
For RTT-based positioning, the cells involved in the UE positioning are not necessarily precisely time-synchronized. In this case, the UE may need to have a basic assumption on the time offsets between the cells within a certain range to support the UE Rx-Tx time difference measurements from the neighbouring cells.
For NR TDD network, the time offset between the cells is required to be with 3 s as defined in TS 38.133, which should be good enough for supporting the UE Rx-Tx time difference measurements from the neighbouring cells.
For NR FDD network, there is currently no requirement for the time offset between the cells. Thus, there is a need to define the maximum time offset of the neighbouring cells for supporting UE Rx-Tx time difference measurements. Taking CSI-RS measurements for supporting UE mobility as an example, where it is assumed that the absolute value of the time difference of a radio frame between two cells is less than half-frame. In order to support RTT-based positioning, it should be reasonable to have the same assumption. 
[bookmark: _Toc4656908][bookmark: p2]Proposal 2: When a UE is configured to measure DL PRS for supporting NR RTT positioning, the UE can assume the timing offset between the neighbouring cell and the timing of the serving cell is within 3 , if both cells are TDD cells and within half-frame if any of the cells is not TDD cell.

DL PRS beam management
The following agreement was made in RAN1#97 and RAN1#98 for UE Rx beamforming
Agreement:
For positioning purposes, to assist UE to perform Rx beamforming, the following options are supported (options are from a previous related agreement in RAN1#96bis):
· Option 1: The DL PRS can be configured to be QCLed Type D with a DL Reference Signal from a serving or neighbouring cell.
· Discuss further which DL reference signal can be used (e.g., SSB, CSI-RS, DL-PRS).
· Option 2: The UE may perform an Rx beam sweeping on DL PRS resources which are transmitted with the same downlink spatial domain transmission filter.
· Option 3: The UE may use a fixed Rx beam to receive DL PRS resources which are transmitted with different downlink spatial domain transmission filter.
· FFS: Whether this option can be achieved by Option 1
· FFS on specification impacts.

Agreement: (RAN1#98)
With regards to QCL relations beyond Type-D of a DL PRS resource, support one or more of the following options: 
· Option 1:  QCL-TypeC from an SSB from a TRP.
· Option 2:  QCL-TypeC from a DL PRS resource from a TRP.
· Option 3:  QCL-TypeA from a DL PRS resource from TRP.
· Option 4:  QCL-TypeC from a CSI-RS resource from a TRP.
· FFS: Which CSI-RS resource type can be used? (e.g., CSI-RS for CSI, CSI-RS for BM, CSI-RS for TRS, CSI-RS for RLM, CSI-RS for RRM).
· Option 5:  QCL-TypeA from a CSI-RS resource from a TRP.
· FFS: Which CSI-RS resource type can be used? (e.g., CSI-RS for CSI, CSI-RS for BM, CSI-RS for TRS, CSI-RS for RLM, CSI-RS for RRM).
· Option 6: No QCL relation beyond Type-D is supported.
NOTE:	
· QCL-TypeA:	Doppler shift, Doppler spread, average delay, delay spread
· QCL-TypeB:	Doppler shift, Doppler spread'
· QCL-TypeC:	Average delay, Doppler shift
· QCL-TypeD:	Spatial Rx parameter

With the agreement to support QCL-TypeD, we don’t see the need to support other QCL types.
1) QCL-TypeA, QCL-TypeB, and QCL-TypeC indicate mainly the QCL properties of Doppler information (shift and/or) spread. Obviously, knowing these information is helpful for the UE to detect PRS signals. However, it does not mean there is a need and benefit to support the indication of these QCL types because Doppler information are generated due to the motion of the UE relative to the gNBs, while gNBs are in general installed in a fixed location. 
a. In UE is in fast motion mode or stationary, and if two reference signals from the gNB to the UE are propagated in the same path, the Doppler shift and spread generated due to UE motion may be the same for these two reference signals. However, gNB (or LMF) may not have more information than UE side in terms of UE motion information; there is no need for gNB to configure the QCL types, since it is UE but not gNB in moving;
b. In UE is in fast motion mode or stationary, if two reference signals from the gNB to the UE are propagated in the different paths, the Doppler shift and spread are not the same for these two reference signals. In this case, the indication of these QCL types will not be correct, but gNB (LMF) may not have the information on this. 
2) QCL-TypeA and QCL-TypeC also include the properties of average delay and/or delay spread. Similar with the discussion of Doppler information, the average delay and/or delay spread can be the same or different for different signal propagation path. When QCL-D is indicated, UE should know the two QCL-ed RSs are transmitted in the same beam direction, and may assume the same average delay and/or delay spread if the QCL-D RSs are transmitted at the same path. Again, the gNB (LMF) may not have more information than UE on the average delay and/or delay spread.

In summary, it is good enough with the support the QCL-Type D. There is not the necessity and nor the benefits to support other QCL types.
[bookmark: _Toc4656909][bookmark: p3]Proposal 3: It is neither necessary, nor beneficial to support other QCL types beyond the support of Type-D.

DRX Impact on the reception of the DL PRS
For NR positioning, if the UE is configured with DRX, it needs to be discussed whether the UE is required to perform the measurements of the DL PRS during the non-active time. The reception of the DL PRS (e.g., duration, periodicity, etc.) and that for the DRX will be configured independently. The DRX ‘ON’ and the time for the cell transmits the DL PRS may not be matched.  In order not missing the window for the detection of the DL PRS, the UE may need to be activated during DRX ‘OFF’ to measure the DL PRS. Thus, there is a need to define whether and when the UE is required to perform measurement of DL PRS resources for UE positioning during DRX ‘OFF’. The requirements may depend on the DL PRS design, DL PRS configuration and also the DRX configuration with the consideration of the balance between the UE power consumption and the positioning performance. 
[bookmark: _Toc4656910][bookmark: p6]Proposal 4: For a UE configured with DRX, it needs to consider on whether the UE is required to be activated measuring DL PRS resources for UE positioning when the UE is in DRX ‘OFF’ status.

UE procedures for transmitting UL PRS
UL SRS transmission power
The following agreements were made in RAN1#98 and RAN1#97 for UL SRS transmission power
Agreement:(RAN1#98)
For the purpose of power control of the SRS for positioning purposes, support configuring a DL reference signal of a neighbouring cell to be used as DL path loss reference. One of the following can be configured as the DL reference signal.
· SSB
· DL-PRS at least for multi-cell RTT
· FFS: CSI-RS

Agreement: (RAN1#97)
For positioning purposes, with regards to the UL SRS transmission power, support at least the following in addition to the existing Rel-15 behaviour:
· Support configuring a DL reference signal of a neighbouring cell to be used as DL path loss reference for the purpose of SRS power control.  
· FFS: Which reference signals can be used (e.g. a CSI-RS, or a SSB, or DL PRS). 
· Study further the UE configuration signalling and procedure.
· FFS on a fallback procedure if the UE is not able to obtain the pathloss reference.
· FFS on number of measurements for pathloss.

UL power control is so far associated with the serving cell, i.e., allowing the serving cell to receive the UE signals with target BLER while minimizing the power consumption and interference. In order for a neighbouring cell to receive the SRS from a UE properly, one possible approach is to introduce new SRS transmission power approach, such as adjusting the SRS transmission power based on the PL from the target cell to the UE. In RAN1#98, it was agreed to support configuring a DL reference signal of a neighbouring cell (e.g., SSB) to be used as DL path loss reference for the purpose of SRS power control.  One of the issues left is whether CSI-RS can be used for the pathloss reference. Although there seems possible to use CSI-RS of a neighbouring cell as the PL reference, in general we don’t think it brings much benefit to support the configuration, because a CSI-RS for RRM measurement of the neighbouring cell is normally associated with an SSB, and the UE is not required to measure the CSI-RS if the SSB is not detected.  

Observation 1: Configuring CSI-RS as the DL reference signal for SRS transmission may not be necessary. 

For the adjustment of SRS transmission power is that the SRS signals may not only be received by the target neighbouring cell but multiple cells, including the serving cell. Thus, changing the SRS Tx power control based on the PL of the neighboring cells should avoid introducing large interference for the reception of UL signals for other cells. 
	
[bookmark: p7][bookmark: _Toc5113988][bookmark: _Toc5114012]Proposal 5:  For UL positioning, it should be up to the network to configure whether to use the DL reference signal of the serving cell, or a neighbouring cell, as DL path loss reference.
Current UL SRS power control procedure is defined in TS 38.213. UE transmits SRS on active UL BWP of a carrier of a serving cell using SRS power control adjustment state with index. The UE determines the SRS transmission power  in SRS transmission occasion  as 
 [dBm]
where
-	 is the UE configured maximum output power for carrier of serving cell  in SRS transmission occasion 
-	 is provided by p0 for active UL BWP  of carrier  of serving cell  and SRS resource set  provided by SRS-ResourceSet and SRS-ResourceSetId
-	 is a SRS bandwidth expressed in number of resource blocks 
-	 is provided by alpha for active UL BWP  of carrier  of serving cell  and SRS resource set 
-	 is a downlink pathloss estimate in dB calculated by the UE using RS resource index  for the active DL BWP of serving cell. The RS resource index  is provided by pathlossReferenceRS associated with the SRS resource set  and is either a ssb-Index providing a SS/PBCH block index or a csi-RS-Index providing a CSI-RS resource index
-	If the UE is not provided pathlossReferenceRS or before the UE is provided dedicated higher layer parameters, the UE calculates  using an RS resource obtained from the SS/PBCH block that the UE uses to obtain MIB
-	If the UE is provided pathlossReferenceLinking, the RS resource is on a serving cell indicated by a value of pathlossReferenceLinking 
-	 is for the SRS power control adjustment state
For RAN1#97’s agreement that  “support configuring a DL reference signal of a neighbouring cell to be used as DL path loss reference for the purpose of SRS power control”, our understanding is that there can be implemented in different options, e.g., 

Option 1: An SRS resource is configured with only one pathlossReferenceRS, which can belong to the serving cell or a neighbouring cell. The UE first tries to detect the DL reference signal in order to determine the PL. If the UE failed to obtain the DL reference signal, UE follows the Rel-15 fallback procedure, e.g., the UE calculates PL using an RS resource obtained from the SS/PBCH block that the UE uses to obtain MIB;

Option 2: One SRS resource can be configured with up to two pathlossReferenceRS: one for DL reference signal of a neighbouring cell, and another for DL reference signal of the serving cell. If DL RS of the neighbouring cell is configured, the UE first tries to detect the DL RS of the neighbouring cell to determine PL. If the UE fails to detect the DL RS of the neighbouring cell and if DL RS of serving cell is configured, the UE then tries to detect DL RS of the serving cell. If UE detects neither DL RS of neighbouring cell nor DL RS of serving cell, UE follows the Rel-15 fallback procedure to calculate PL using an RS resource obtained from the SS/PBCH block that the UE uses to obtain MIB.

[bookmark: p8]Proposal 6:  For positioning purposes, with regards to the UL SRS transmission power, the UE may be configured with DL RS of the neighbouring cell together with DL reference signal of the serving cell as the pathlossReferenceRS;
[bookmark: p9]Proposal 7:  For determining the PL of the UL SRS transmission power, if DL RS of the neighbouring cell is configured, UE should try to use the DL RS neighbouring cell for PL determination. If DL RS of the neighbouring cell is not configured or the UE fails to detect DL RS of a neighbouring cell, the UE will follow Rel-15 procedure to DL RS of serving cell for the PL determination.

UL SRS transmission timing
For UL SRS transmission timing, the following agreement were made in RAN1#98: 
Agreement:
For transmission timing of the SRS for positioning purposes, the TA configuration is based only on the serving cell (i.e., the TA value applied to the corresponding UL symbol is the same as the latest TA for regular UL symbols). (Option 1 from previous related agreement in RAN1#96bis). 
· Options 2/3 (from previous related agreement in RAN1#96bis) may be further considered if improvements of gNB measurement accuracy can be demonstrated and if it can be shown that the interference to the serving cell can be handled in the system.
· FFS: whether the application of the TA command at the UE impacts the feasibility of each of the options.
· FFS: whether UE autonomous TA adjustments impacts the feasibility of each of the options.

SRS from a UE may be received from multiple cells/gNBs for supporting NR positioning. Due to the distance differences from the UE to these cells/gNBs, the time of arrival from the UE to these cells/gNBs are different, and there can be potentially mutual interference between the SRS signals and other UL signals. To reduce the potential mutual interference due to the different of the TOAs, which will mainly be the interference from other UL signals for the SRS signals which are transmitted from the UE far away from the cell when TA is large, there were proposals to let the UE to use different TAs for transmitting the SRSs to different cells.
There are, however, a number of practical issues for the approach. First, the UE needs to know the TAs for different cells. The information is not available to the UE unless the UE knew its own positions and the positions of the cells/gNBs. Second, changing the TAs to fit the remote gNB may cause interference to nearby cells/gNBs. The interference may be significant due to the UE is closer to these cells/gNBs, and the UL SRS transmission beam is in general wide beam and thus in general unable to pinpoint to the remote cells without impact nearby cells. On the other hand, due to the UL power limitation, we do not expect the cells very far away from a UE will/should be involved in the UL positioning for a UE anyway. Thus, we do not see the need and benefits, but potential harm, to let the UE adjust TAs for the transmission of the SRS for remove cells/gNBs.

[bookmark: _Toc5113987][bookmark: _Toc5114011][bookmark: p10]Proposal 8: The transmission timing of the SRS for positioning purposes should be based only on the serving cell. There is no need to consider other options. 

Indication of beam information
NR supports the transmission and the reception of multiple beams for all NR operation frequency bands. the information related to the beam transmission direction and beamwidth of the DL and UL reference signals can be used to effectively improve the accuracy and performance of the UTDOA positioning system.

[bookmark: _Toc534641005][bookmark: _Toc1138837][bookmark: _Toc5113986][bookmark: _Toc5114010][bookmark: p14][bookmark: _Toc534641006]Proposal 9: The beam information of the DL reference signals (e.g., SSB, CSI-RS tec.) and UL reference signals (e.g., SRS) should be included in the messages exchanged between UE, gNBs, and LMF for supporting UL positioning based on SRS signals. 

Conclusion
In this contribution, we discussed the NR DL positioning technologies, and based on the discussion, we made the following proposals:
Proposal 1: When a UE is configured to measure DL PRS for supporting DL TDOA positioning, the UE can assume the timing of the neighbouring cells and the timing of the serving cell are synchronized.
Proposal 2: When a UE is configured to measure DL PRS for supporting NR RTT positioning, the UE can assume the timing offset between the neighbouring cell and the timing of the serving cell is within 3 , if both cells are TDD cells and within half-frame if any of the cells is not TDD cell.
Proposal 3: It is neither necessary, nor beneficial to support other QCL types beyond the support of Type-D.
Error! Reference source not found.Error! Reference source not found.Proposal 4: For a UE configured with DRX, it needs to consider on whether the UE is required to be activated measuring DL PRS resources for UE positioning when the UE is in DRX ‘OFF’ status.
Proposal 5:  For UL positioning, it should be up to the network to configure whether to use the DL reference signal of the serving cell, or a neighbouring cell, as DL path loss reference.
Proposal 6:  For positioning purposes, with regards to the UL SRS transmission power, the UE may be configured with DL RS of the neighbouring cell together with DL reference signal of the serving cell as the pathlossReferenceRS;
Proposal 7:  For determining the PL of the UL SRS transmission power, if DL RS of the neighbouring cell is configured, UE should try to use the DL RS neighbouring cell for PL determination. If DL RS of the neighbouring cell is not configured or the UE fails to detect DL RS of a neighbouring cell, the UE will follow Rel-15 procedure to DL RS of serving cell for the PL determination.
Proposal 8: The transmission timing of the SRS for positioning purposes should be based only on the serving cell. There is no need to consider other options. 
 Proposal 9: The beam information of the DL reference signals (e.g., SSB, CSI-RS tec.) and UL reference signals (e.g., SRS) should be included in the messages exchanged between UE, gNBs, and LMF for supporting UL positioning based on SRS signals. 
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